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FESFARCH MIEMORANDUM

COMPARATIVE IRAG MEASUREMENTS AT TRANSONIC SPEFDS OF
6-PERC}'NT-THICK ALFOILS OF SYMMETRICLAL DOURLE-VWITGE
AND CIRCULAR-ARC SECTTIONS FROM TESTS BY THE
NACA WING-FIOW METIIOD
By lNormen S. £ilety

SURY

Comperative dreg measurements at zero lift have becn obtained
at transonic speeds [oi two sherp-loeding-edpe alrfoils by the
RACA wing-1low method. One airfoll hué e eymmetrical circular-arc
section end tho other had a sy:metrical doublo-wedge eoction. Both
airfoils had e thickness of 6 yercent of tho chord, were of rectan-
gular plon form, and hed en aspect ratio of 4.0. The tosts covered
& Mach number renge of 0.65 to 1.10. ;

The results indicated that the principed difference in the
drag characteristics of t o two airfoils at gero 1ift 1o tho earlier
dreg rice of the dovle-iedpe section. Although the dovble-wedge
airfoil had a somewhat higher drag throughout the Mech number range
tested, the difi'erence decreased with increzsing Mach number efter
the oncet of the drag rico of the circuler-arc section, end ot the
highest Mach mwber attained, 1.10, the drag coefiiclient for the
two airfolls was sbout tbe soue.

INTRODUCTION

Ap part of an extensive resocrch progcrem being conducted by
the NACA to determine the suitebility of verious airfoil sections
for controlleble flights through tle transonic and into the super-
sonic speced ranpe, two sharp-leading-edge ailrfolle have been tested
in the transcnic sreod range by the NACA wing-flow method. One
airfoll hed e eymmetrical circular-arc soction and the other had a
eyrmetrical double-wedge socticn. Tho measurements included:
normal. force, chord force, and pitching moment at various engles
of attack. Mach numbers of the tests renged from 0.65 to 1.10.
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Although results of the tests are not as yet completely
evalunted, sufficient dat: are available to permit & comparisom
of the drag at rero lift of the two airfoils. These data are
presented herein. ]

APPARATUS, METHODS, AND TESTS

The teat procedure and equiphmcnt were esrentinlly the same es
those for previous wing-flow tests of eirfolls as doscribed in
references 1 and 2. The arranjement and dimensions of the two
models are shown in figure 1. Ono of the medele hed a symmetrical
circular-arc section end the othe™ hrd a aywmetrical double-wedge
section. Otherwlse the model dir¥n:ions wers the etms with &
thickness of G percent, & re.lonuler plen form, and an aepect
ratioc of 4.0, congidering the airplans ving ae & reflection plane.
The airfoilas were mounted above the wine of the sirplane with a
circular end plate atteched to the end of the airfoll adjacent to
the wing surface, as indicated in figure 2. Although speclal tests
wvere mede to determine the tare drag of the ernd plate, the correc-
tion was not completsly establiehed and 18 not mpplied to the data -
presented horein., The chordwime veloclty gradients in the teat
region on the airplunc wing as determined from etatlc-pressure
measurements at the wing suxrface with the model off are indicated -
in figure 3. The effect of these gredients i1s not known; therefors,
no correction has been attempted. However, velocitles measured at
the wing surface have been corrected by a factor of 0.983, as
dotermined from speciel teets, to account for the decrease in
wvelooity with distence from the wing surfaoe.

Three teets of each airfoll were made in high-aspeed dives to
obtain & range of Reynolds number independent of Mach number. The
first dive covered an altitude renge from 28,000 to 22,000 feet,
the secand from 18,000 to 12,000 feet, and the third dive from
12,000 to 6000 foet.

RESULTS AND DISCUSSTON

The dreg coefficients at zero 1ift or the eirfoih with double-
wedgs and circular-arc sections are plotted against Mach number in
figures 4(s) and 4(b), reepectively, for each of the three teats.
The variation of Reynolis number with Mach nunber for the three
teste is shown in figure Lk(c). It is indicated by the test points -
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of figures 4(a) and L(b) that any offect on the dreg due to the
differences in Reynolds numbers for the three testa 1s within the
experimental acouracy.

The absolute values of drag coefficients in ficures 4{a)
and 4(b) are too high, due to the drag of the end plate. It was
indicated from the special tests previously mentioned that the
dreg cocfficiont of the end plete might be of the order of 0.07
based on the area of the models. It appesred, however, that the
drag coefficlent of the end plate was relatively conatant over the
Mach number renge and hence would bo expected to have little effect
on the variation of dreg coefficient with Mach nunber shown for the
airfoils, .

The drag coefficients showr fn f! rurce b{a) and 4{b) are
plotted topether for comperiscn in figure 5. The principal d4if-
ference in drag characteristica of the two airfoils is the esrlier
drag rise with the double wedge section which occurs at o Mach
nunber of about 0.7" as cotpared to 0.55 with the circuler-arc
airfoil, The drag reaches a moximum at about the seme Mach
nurbex, 0,99, for both airfolls. The double-wedge airfoll has a
somevhat higher drag throughout the Mach number rangs tested,
but the difforcnce Accercases with incremsing Mech rumber after
the arnset of the drag riss of the circular-arc section, At the
highest Mach rumber aitain-4, 1.10, the drag coefficient of the
two airfoils is about the .ame.

The resulta of dray tests of & symmetrical circular-arc
section obteined by the free-fall method (reference 3) and by
tests in the Iangley rectangular high-spred tumnel (reference h),
and results of drep teasts of a double-wedge section obtained in the

Ames 1- by ?,%--foot high-spesd tuntel {unmublished dnte), are also

showr. for comparisor. in figure 5. The resulte of the free-fall
tests cf tke clrculnr-erc esction show close agrecmont with the
prepsent tests wlth regrrd to the mesnitude of the drag rise and
the Mach xumbers at which the dreg treak, and the meximum drag
coefficient occur. The difference in absolute magnitude of the
drag coefficiente of the present tests end the free-fall test 18
probebly mainly due to the drag of the end plate used in the
present investigation. The reoults of the wind-tunnel tests agree
with the present tests in that the start of the dreg rise with the
doudle-wedge airfoil oocurs at & subatentialiy lower Mach number
than with the airfoil of circular-arc section. Tho wind-tumnnel
tests show a somevhat earlier end stesper drag rise then is
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indicated by the present investigation. The results of reference 5
show that those differences would be expected beceuse of the dif-
forent aspeoct ratios used for the wind-tunnel and wing-flow tests.

CONCIUSIORS

The results of comparative dra; tests at zero lift on airfollas
with a symuotrical double-wedge section and a symmetrical circular-
arc section indicate that the principal difference in the drag
charactexigtics of the two airfolls 1s the earlier dresg rise wvith
the double-wedge Bection. Althourh the double-wodge airfoil had a
somevhat higher drag throughout the Mach nurber range tested, the
d1fference decreased with inercnsin- Mack maber after the onset
of the drag rise of the circulzr-erc section, and at the highest
Mach number atteined, 1.10, the drag coefficlent for the two air-
foils was about the sams,

National Advisory Conmittee for Aeromautics
langley Memorial Aeromautical Laboretory
* langley Field, Va,
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Figure 2.- Detail of mounting sharp- lesding -edge
airfoil on airplane wing.
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